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Ion channeling in the quasi-one dimensional blue bronzes A0.30MoO3 (A = K, Rb) B. Daudin, M. Dubus, J. Dumas (1) and J. Marcus (1) Rb) undergo a metal-to-semiconductor transition at 180 K [1] . Optical reflectivity measurements by Travaglini and Wachter [2] and resistivity measurements by Perloff et al. [3] showed that these compounds are quasi-one dimensional conductors at room temperature. X-ray diffuse scattering studies by Pouget et al. [4] have established that the transition at 180 K is a Peierls transition towards an incommensurate charge density wave state which becomes quasi-commensurate below 100 K. The charge density wave (CDW) state results from a nesting of the Fermi surface and from an electronphonon coupling ; it consists of a periodic modulation of the electron density coupled to a periodic lattice distortion. Sato et al. [5] and Pouget et al. [6] have shown evidence of the formation of a Kohn anomaly responsible for the softening of a phonon mode at 180 K. In the semiconducting phase, Dumas et al. [7] have shown that the blue bronze exhibits non linear voltage-current characteristics beyond a small threshold electric field. They have attributed this non linearity to the sliding of the CDW. At low electric field, the CDW is pinned by its interactions with impurities but above a threshold field the CDW is depinned and contributes to the conductivity [8] .
Compelling evidence for the motion of the CDW has been given recently by Segransan et al. [9] by NMR studies of Rbo,3oMo03. A wealth of metastable phenomena with long time scales both in the pinned and current carrying state have been reported [10] . The observation of electrical and thermal hysteresis [10] dielectric polarization [11] , various memory effects [12] as well as of time dependent 87 Rb NMR [13] and M05 + EPR [14] lineshapes and metastable loss of transverse order under application of an electric field [15] [16] then by Nunez-Regueiro et al. [17] in the case of TiSe2 and 1 T-TaS2. The first attempt of ion channeling in Kfl.3oMo03 with He+ ions in the temperature range 100 K-300 K has been reported by Abe et al. [18] . These authors have observed an enhancement of the minimum backscattering yield, X min' in the vicinity of 180 K and have attributed this anomaly to the softening of a phonon mode.
We report in this paper a more detailed study of X min and show that this quantity depends strongly on the thermal history of the sample and is a function of time. Some preliminary results have been published elsewhere [19] . Anomalies The ion channeling measurements were carried out using the 2 MeV Van de Graaf ion accelerator of the SBT/L ACC.
As the blue bronzes are highly sensitive to irradiation effects [24] , considerable care was taken to minimize defect production by the ion beam. In particular, preliminary experiments with He+ ions indicated noticeable permanent radiation damage of the samples.
All the experiments reported in this paper were therefore performed using 1 MeV protons as it was checked that they produced no significant damage. On the other hand, the penetration depth of 1 MeV protons in these material is as large as 10.5 um whereas the energy window shown in figure 2b corresponds to an analysed depth of about 0.8 lim.
As a consequence, the number ,of defects produced by irradiation in the analysed region of the sample was negligible. The beam was approximately 1 mm in diameter and the intensity never exceeded 3 x 10-9 A. The samples were cleaved prior to experiments and fixed to the sample holder with silver paint. A permanent helium flow was used to cool the sample holder so that the measurement temperature range was 50 K-350 K. The heating and colling rate were approximately 1 K/minute.
The backscattered particles were counted using a multichannel analyser and a typical spectrum is shown in figure 2b where the energy window used for the experiments is visualized. The minimum backscattering yield, X miD' is defined as the ratio NCIN, where Nc and Nr are the number of particle backscattered in, respectively, the channeled and random geometry.
As far as Ko,3Mo03 is concerned, two geometries were used (see Fig. 2a (2, 4) . that the temperature associated to this change of slope is strongly correlated to the maximum temperature reached during the cycle just before and that the system has a memory of the previous stages. This memory effect has some analogy with that found by Mutka et al. (12) in their resistivity measurements.
It is also clear that this effect is present for temperatures larger than Tc and the evolution of X min plotted in figure 5 as a function of time is an evidence for metastability. In a following step, the time dependance of X min was investigated below Tc (see Fig. 7 figure 8 and an increase of X min is clearly shown upon heating. This effect is not so large as in figure 3 but is nevertheless more important than for most experiments (not reported here) ; This is consistent with the time dependant effects displayed in figure 7.
BEAM ALIGNED PARALLEL TO THE CLEAVAGE
PLANE. -An additional experiment was done using the geometry described in section 2.ii) (see Fig. 2a ) as it was assumed that the channeling would be a priori better in this direction due to the large interplanar spacing. Actually, Xmin was found to be comparable to previous values and no significant improvement was found. The results are plotted in figure 9 and a significant increase of Xmin is observed but, surprisingly, for decreasing temperature. Furthermore, this effect was present only for the first cycle and the following cycles have reavealed (see Fig. 9 ) a behaviour similar to most experiments performed whith the previous geometry. It has been previously reported that the transport properties of Ko.3oMo03 and Rbo,3Mo03 are entirely similar [10] . Figure 10 shows the thermal hysteresis of the Ohmic resistance of a Rbo.3oMo03 sample in the temperature range 90 K-110 K. Hysteresis always appears upon thermal cycling whatever the explored temperature interval. These effects are more striking in electron irradiated samples, as demonstrated by Mutka et al. [12] . Cooling or heating rate : dT/dt = 2 K/min. Figure 11 shows the variation of the resistance after a thermal cycling and relaxation at two different temperatures. The resistance is always larger on heating than on cooling. On the cooling curve, the resistance increases as a function of time at a given temperature while on the heating curve, it decreases with time. Similar results have been observed by several authors in the blue bronzes and in TaS3 [25] .
Non-Debye character of the relaxation was observed by L. Mihaly et al. [11] .
After a thermal cycling the resistance measured at 190 K is still weakly time dependent. The relative change OR/R is less than one per cent over a period of one hour. More pronounced effects were observed on different samples [26] . For T &#x3E; 190 K we find no time dependence of the resistance. It is well accepted that the metastability phenomena in incommensurate CDW systems are related to the random distribution of the pinning strengths of the CDW by impurities or other point lattice defects. The disorder due to random pinning leads to « glass like » characteristics of the CDW state which are particularly striking in pure, W-doped or electron irradiated blue bronzes [10, 12] . The proposed by several authors [27] . Due to the pinning forces the CDW condensate is always in a stressed state. It can be viewed as an « electronic solid » [28] which possesses its own defects [29] . [13] . This latter effect has been discussed in the framework of the defect density wave concept (DDM) developed by Lederer et al. [31] . In this model, a small fraction of the lattice defects order periodically and are coupled to the CDW modulation.
A weak electrical hysteresis in the Ohmic resistance also persist above 180 K, AR/R decreases by -1 % over one hour at 190 K. These results seem to be also in agreement with the DDW model. In addition, this picture seems consistent with the observations in 1 T-TaS2 and in (TaSe4)2I near the Peierls transition of an acoustic noise emission [32] which corresponds to a release of elastic energy. [36] . However in the case of blue bronzes, it seems that the possibility of DC's has to be ruled out from recent NMR work [13] . Domain walls parallel to the b-axis with an arbitrary thickness would be likely [37] .
The hysteresis in X min is barely measurable be- [7, 25] . In this context, it is not surprising that the resistivity and X min measurement are sample dependent.
The results show no clear cut evidence for a lockin transition at 100 K. 
